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Introduction
Dural arteriovenous fistulas (dAVFs) have recently
been recognized as resulting from several acquired
factors, such as venous sinus thrombosis,1,2 intra-
venous hypertension,3,4 head injury5 and surgery.6–8
Although cases of post-operative dAVF have been
reported, most of these lesions have been located
close to the operation site.6,7 However, we encoun-
tered a case of multiple dAVFs that developed
distant to the preceding surgery. This report
discusses the pathogenesis of post-operative
dAVFs and reviews the literature concerning the
treatment of dAVFs occurring at the skull base.
Case reports
A 52-year-old woman developed sudden weakness of her left
lower extremity. She presented to a hospital and underwent
computed tomography (CT) of the brain, which revealed a
tumour. She was referred to our institution for further
examination and treatment. Magnetic resonance imaging (MRI)
identified a large extra-axial mass in the right parietal region.
The mass attached to the right parasagittal region, and extended
into the superior sagittal sinus (SSS; Fig. 1(a)). Cerebral
angiography demonstrated tumour staining in the typical sun-
burst appearance characteristic of meningioma. Dilated anterior
and posterior branches of the right middle meningeal artery
(MMA) supplied the tumour (Fig. 1(b)). The venous phase of the
right internal carotid angiography revealed occlusion of the
posterior part of the SSS. Collateral venous flow ran from the SSS
into the right internal jugular vein through the diploic veins of
the right posterior fossa (Fig. 1(c)). The tumour was totally
resected, and histologically diagnosed as angiomatous menin-
gioma. The post-operative course was uneventful, and the
patient was followed up at another hospital. Approximately 3
months post-operatively, the patient complained of right-sided
pulsatile tinnitus and cerebral angiography was performed. Right
external carotid angiography demonstrated dAVF of the right
posterior fossa, supplied by the right MMA and occipital artery
with venous drainage into the right internal jugular vein and
occipital vein via a dilated diploic vein through the occipital bone
(Fig. 2(a)–(c)). In addition, right vertebral angiography demon-
strated an additional dAVF of the right suboccipital cavernous
sinus and vertebral venous plexus (VVP), supplied by the
meningeal branches of the right vertebral artery with venous
drainage into right internal jugular vein via the right anterior
condylar vein (Fig. 2(d) and (e)). Endovascular embolization was
performed for the dAVFs in two sessions. First embolization was
performed for the dAVF of the right posterior fossa. A guiding
catheter was placed in the right jugular bulb using a transfemoral
approach, and a microcatheter was navigated into the diploic
vein. Another guiding catheter was positioned in the right
external carotid artery via the left femoral artery. Transvenous
embolization (TVE) using Guglielmi detachable coils (GDCs) was
initiated from the distal portion of the diploic vein. A
microcatheter was subsequently navigated into the right MMA,
and transarterial embolization (TAE) was performed using
polyvinyl alcohol foam (PVA) particles and Berenstein liquid
coils (Boston Scientific, Natick, MA, USA). TVE was continued
after TAE and the diploic vein was totally embolized, including an
emissary vein from the occipital region. Right external carotid
angiography immediately after the first embolization demon-
strated marked reduction of the dAVF in the right posterior fossa.
Twelve days later, a second embolization was performed for the
dAVF around the right vertebral artery. A guiding catheter was
placed in the right anterior condylar vein using a transfemoral
approach, and a microcatheter was navigated into the right
vertebral venous plexus just below the suboccipital cavernous
sinus. TVE was performed using interlocking detachable coils
(IDCs) in the right vertebral venous plexus and suboccipital
cavernous sinus, in that order. Right vertebral angiography
immediately after the second embolization again demonstrated
marked reduction of the dAVF around the right vertebral artery.
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The pulsatile tinnitus disappeared immediately after the first
embolization. Cerebral angiography 3 months after the second
embolization revealed disappearance of both dAVFs (Fig. 3(a)
and (b)). As of 1 year after embolization, the patient has
demonstrated no recurrence of symptoms.
Discussion
dAVFs involve arteriovenous shunts from the dural
arterial supply to dural venous drainage, and
account for 10–15% of all intra-cranial arteriove-
nous malformations.9 The pathogenesis of dAVFs
remains controversial. Formerly, congenital
anomalies of the dural vessels were considered
likely to contribute to development of dAVFs.10 –12
More recently relationships with acquired factors,
including surgery, have been noted by many
authors.1 –8 Among reported cases of dAVFs devel-
oping after surgery, most appeared close to the site
of operation.6,7 Conversely, development of dAVFs
at a site different from that of the previous surgery
is very rare.8 In the present case, surgical inter-
vention in the supratentorial region preceded the
development of multiple dAVFs in the infratentorial
region. The pathogenesis of dAVFs remote from an
operation site is unclear, but might be best
explained by changes in venous haemodynamics.4
In the present case, dAVF of the right posterior
fossa might have been precipitated by venous
heamodynamic changes resulting from the oper-
ation. The SSS had been occluded by meningioma.
After the collateral pathway through the diploic
vein was blocked by craniotomy, thrombosis of the
diploic vein in the right posterior fossa may have
resulted, leading to subsequent development of
dAVF of the right posterior fossa. However, the
pathogenesis of the second dAVF around the right
vertebral artery remains unexplained.
Several therapeutic options are available for
dAVFs, from conservative therapies such as
repeated manual compression to direct surgical
resection or isolation of the involved sinus, and
Figure 1 (a) Axial T2-weighted MRI reveals an extra-
axial mass in the right parietal region, involving the SSS.
(b) Lateral projection of the right external carotid
angiography reveals typical sun-burst appearance,
characteristic of meningioma. Dilated anterior and
posterior branches (arrows) of the MMA supply the
meningioma. (c) Lateral projection of the right internal
carotid angiography (venous phase) reveals occlusion of
the posterior part of the SSS (arrows). Note the collateral
pathway from SSS through the diploic veins of the right
posterior fossa into the right internal jugular vein
(arrowheads).
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Figure 2 (a) Lateral projection of the right external carotid angiography demonstrates dAVF supplied by the posterior
branch of the right MMA (small arrows) and occipital artery (large arrows), with venous drainage through the diploic
vein of the right posterior fossa (arrowhead) into the right internal jugular vein. (b) Contrast-enhanced, axial, three-
dimensional spoiled gradient echo (3D-SPGR) MRI shows an abnormally dilated diploic vein in the right side of the
occipital bone (arrowhead). (c) Oblique sagittal 3D-SPGR MRI demonstrates a narrow junction between the diploic and
right internal jugular veins (white arrow). (d) Frontal and (e) lateral projections of right vertebral angiography
demonstrate dAVF of the right suboccipital cavernous sinus (arrows) and vertebral venous plexus (VVP) (closed
arrowheads), with venous drainage into the right internal jugular vein (open arrows) via the anterior condylar vein
(open arrowheads).
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endovascular treatment. Recently, treatment of
dAVF solely by endovascular therapy has become
possible, using techniques such as TAE and TVE.13 As
arteriovenous shunts may be located in the wall of
the venous sinus itself,1 dAVFs treated using TAE
only sometimes recur. Complete packing of the
involved dural sinus with coils is therefore necess-
ary to obtain permanent cure.14 Before TVEs,
careful assessment of the location of the fistula
and the pattern of venous drainage is required to
allow successful and safe coil embolization. In
general, positioning microcatheters is relatively
easy using a transvenous approach to the transverse
sinus and sigmoid sinus, which are frequently
involved with dAVFs. In the present case, however,
approaching involved veins, such as the diploic vein
of the posterior fossa and veins at the craniocervi-
cal junction, was difficult. Ernst et al.15 reported
three cases of dAVFs of treatment of the anterior
condylar vein using transvenous coil embolization.
They identified the exact location of the fistula and
draining vein with reference to source images from
MR angiography before TVE, to allow venous access.
The anatomy of the draining veins in the present
case was therefore precisely evaluated with refer-
ence to angiography and MRI (contrast-enhanced,
three-dimensional spoiled gradient echo: 3D-SPGR)
before embolizations.
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